Polycystic ovary syndrome (PCOS) is one of the commonest endocrine disorders in women of reproductive age, affecting 5-10% of them, and the leading cause of anovulatory infertility in developed countries [1, 2] . The most frequent signs of PCOS are irregular menstruation, due to oligo-or anovulation, as well as signs of androgen excess, including hirsutism, oily skin, acne and androgenic alopecia [3] .
The effect of weight loss and treatment with metformin on serum vaspin levels in women with polycystic ovary syndrome Ekaterini Koiou 1) , Konstantinos Tziomalos 2) , Konstantinos Dinas 1) , Ilias Katsikis 1) , Emmanuil Kalaitzakis 1) , Dimitrios Delkos 1) , Eleni A. Kandaraki 1) and Dimitrios Panidis 1) of patients with PCOS are overweight or obese [6, 7] . It is well established that abdominal obesity increases cardiovascular risk significantly more than the increase in subcutaneous fat [8, 9] . The majority of women with PCOS suffer from a type of insulin resistance that is independent of obesity, is characteristic of this syndrome and its pathogenesis is unclear [10] [11] [12] . Insulin resistance is even more pronounced in obese women with PCOS [11] . Abdominal fat and particularly adipocytes cross-talk with almost all other tissues and systems. This crosstalk is mediated through the synthesis and secretion of a variety of bioactive peptides, collectively termed adipokines, and also through the presence of specific receptors on the membrane and nucleus of the adipocytes [13, 14] . Adipokines exert their actions in an autocrine, paracrine and endocrine manner. Accordingly, adipocytes receive and send signals to nearby tissues and also to remote organs [15] . These signals are in Diagnosis of PCOS was based on the revised criteria of Rotterdam (2003) [19, 20] . None of the women studied had galactorrhea or any endocrine or systemic disease that could possibly affect reproductive physiology. A Synacthen test was performed with tetracosactide (Synacthen 0.25 mg/1 mL; Novartis Pharma, Rueil-Malmaison, France) on each woman with a basal 17α-hydroxyprogesterone (17α-OHP) plasma level >1.5 ng/mL to exclude congenital adrenal hyperplasia. No woman reported use of any medication that could interfere with the normal function of the hypothalamicpituitary-gonadal axis during the last semester.
Study protocol
In all women, weight, height, and waist circumference (W) were measured. Body weight was measured with analog scales and in light clothing; height was measured barefoot with a stadiometer. BMI (kg/m 2 ) was calculated by dividing weight by height squared to assess obesity. W was obtained as the smallest circumference at the level of the umbilicus.
Baseline blood samples were collected between days 3 and 7 of the menstrual cycle in the control group and after a spontaneous bleeding episode in the PCOS group, after an overnight fast. The circulating levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), total testosterone (T), Δ4-androstenedione (Δ4-A), dehydroepiandrosterone-sulfate (DHEA-S), 17α-hydroxyprogesterone (17α-OHP), sex hormone-binding globulin (SHBG), glucose, insulin, thyroid stimulating hormone (TSH) and free thyroxin (FT4) were measured. Immediately after the baseline blood sampling an oral glucose tolerance test (OGTT) was performed; 75 g of glucose were administered orally and serum glucose levels were determined after 30, 60, 90 and 120 min. At the same day transvaginal ultrasonography was performed and the volume of each ovary was determined as well as the number of follicles in each ovary.
Patients with PCOS were divided according to BMI in Group 1 (normal BMI (<25 kg/m 2 ); n=25, mean age 19.9±3.0 years) and Group 2 (ΒΜΙ >27 kg/m 2 ; n=54, mean age 25.9±5.9 years). Controls were also divided according to the BMI in Group 3 (normal BMI (<25 kg/m 2 ); n=25, mean age 31.3±4.5 years) and Group 4 (ΒΜΙ>27 kg/m 2 ; n=25, mean age 33.9±4.6 years). At baseline, the basal metabolic rate (in kcal/day) was calculated in Group 2 and adjusted for moderate daily physical activity as follows: In women 18-30 turn modulated by a variety of metabolic factors [13] .
Visceral adipose tissue-derived serine protease inhibitor (vaspin) is a novel adipokine that was recently identified in obese diabetic Otsuka Long-Evans Tokushima (OLETF) rats. Vaspin levels in the abdominal fat of OLETF rats are highest at 30 weeks; serum insulin levels are also highest at the same time period. However, vaspin levels decline at 50 weeks of age, when these rats become diabetic. Vaspin was also shown to improve glucose tolerance and insulin sensitivity in mice that develop obesity, hyperinsulinemia and hyperglycemia when fed a high-fat, high-sucrose diet [16] . Recent studies in humans showed a positive correlation between the expression of the vaspin gene in the abdominal fat with circulating vaspin levels, obesity and T2DM [17, 18] . The opposite change in vaspin levels when OLETF rats and humans become diabetic (decline and increase, respectively) suggest that the regulation and actions of vaspin differ across species.
Given that many patients with PCOS have insulin resistance, obesity (mostly visceral), glucose intolerance, T2DM and abnormalities in the secretion of steroid hormones from the ovaries and the adrenal glands, and all these conditions are associated with abnormalities in vaspin production, the present study was designed to assess 1) serum vaspin levels in normal weight, overweight and obese patients with PCOS, 2) the effects of low-calorie diet combined with orlistat or sibutramine for 6 months on vaspin levels in overweight and obese patients with PCOS, 3) the effects of treatment with metformin for 6 months on vaspin levels in normal weight patients with PCOS, and 4) the correlations between vaspin levels and the anthropometric, metabolic and ultrasonographic features of PCOS.
Patients and Methods

Patients
We studied 79 women with PCOS (mean age 23.9±5.8 years, mean body mass index (BMI) 30.1±6.7 kg/m 2 ) who were being followed-up in the Disorders of Menstruation Outpatient Clinic of the Second Department of Obstetrics and Gynecology of the Aristotle University of Thessaloniki. We also studied 50 healthy female volunteers with normal ovulating cycles (duration 28±2 days, serum progesterone levels >10 ng/mL in 2 consecutive cycles), without clinical or biochemical signs of hyperandrogenism and without polycystic ovaries on ultrasound (control group).
ume was calculated by the formula V = (π/6) x D length x D width x D thickness , where D is dimension. The presence of polycystic ovaries was diagnosed by the presence of 12 or more follicles in each ovary measuring 2-9 mm in diameter and/or increased ovarian volume (>10 cm 3 ).
Statistical analysis
According to previous studies, at least 25 women should be included in each group in order to have an 80% statistical power to identify a 25% difference in serum vaspin levels between groups at the 5% significance level. Data analysis was performed with the statistical package SPSS (version 17.0; SPSS Inc., Chicago, IL). All tested parameters followed normal distribution as assessed with the Kolmogorov-Smirnov test and are reported as mean±SD. Because women with PCOS were younger and had greater BMI than controls, comparisons between patients and controls were performed with analysis of covariance adjusting for age and BMI. Changes between baseline and end-of-treatment were assessed with the paired samples t-test. Bivariate correlations between vaspin levels and other parameters were assessed with Pearson correlation. Independent correlations between vaspin levels and other parameters were assessed with stepwise linear regression analysis including parameters that were significantly correlated with vaspin levels in univariate analysis. In all cases, a p value <0.05 was considered significant.
Results
Comparisons between patients with PCOS (Groups 1 and 2, n=79) and controls (Groups 3 and 4, n=50) are shown in Table 1 . Patients with PCOS had higher serum vaspin levels than controls (p=0.021; Figure) . Patients with PCOS had lower FSH levels (p=0.026) and higher LH and PRL levels (p<0.001 and p=0.019, respectively). In addition, T, Δ4-Α, DHEA-S levels and FAI were higher in patients with PCOS than in controls (p<0.001 for all comparisons). Serum levels of 17α-ΟΗΡ were also higher in patients with PCOS (p=0.007), whereas SHBG levels were lower (p<0.001). Serum glucose and insulin levels, the area under the OGTT curve and the HOMA-IR index did not differ between groups. However, the glucose/insulin ratio and the QUICKI were lower in patients with PCOS than in controls (p=0.014 and p=0.015, respectively). The patients with PCOS had more follicles and larger ovaries than controls (p<0.001 for both comparisons). years of age: (0.0621 x weight in kg + 2.0357) x 240 x 1.3 and in women >31 years of age: (0.0342 x weight in kg + 3.5377) x 240 x 1.3.
Patients in Group 1 were treated with metformin 850 mg bid for 6 months. All baseline laboratory tests were repeated at the end of treatment with metformin (i.e. at 6 months).
Patients in Group 2 were prescribed a normal-protein, energy-restricted diet (basic metabolic rate -600 kcal/day, consisting of 50% from carbohydrate, 30% from fat (10% saturated), and 20% from protein) for a period of 6 months. In 27 women of this Group, orlistat 120 mg tid before each meal was also given for 6 months (Xenical ® , Roche (Hellas) S.A., Greece) [21] . In the remaining 27 patients of Group 2, sibutramine 10 mg qd was administered in the morning for 6 months (Reductil ® , Abbot Hellas, Greece) [22] . All baseline laboratory tests, the OGTT and the transvaginal ultrasonography were repeated at the end of treatment with orlistat or sibutramine (i.e. at 6 months).
Informed consent was obtained from all women, and the study was approved by the institutional review board.
Methods
Serum levels of glucose, insulin, FSH, LH, PRL, androgens, 17α-OHP, TSH and FT4 were determined as described previously [23] . Serum vaspin levels were determined with an enzyme-linked immunosorbent assay (Antigenix America Inc. Human Vaspin Elisa kit, Product Number 501 CKX). Lower levels of detection was <0.2 ng/mL, the intra-assay coefficients of variation for low and high levels were 1.7 and 5.4%, respectively, and the inter-assay coefficients of variation for low and high vaspin levels were 2.5 and 6.15%, respectively. Free androgen index (FAI) was determined as follows: FAI = T (nmol/L) x 100 / SHBG (nmol/L) [24] . The homeostasis model assessment of insulin resistance (HOMA-IR) index was calculated as follows: HOMA-IR = insulin (mIU/L) x glucose (mg/dL) / 405 [25] . The Quantitative insulin sensitivity check index (QUICKI) was calculated as follows:
Transvaginal ultrasonography
Transvaginal ultrasound scans of the ovaries were performed by an experienced sonographer (I. K.) in women who participated in the study. Ovarian vol- weight/obese patients with PCOS than in overweight/ obese controls (p=0.011 and p=0.016, respectively). Overweight/obese patients with PCOS (Group 2, n=54) had also higher serum vaspin levels compared with normal weight patients with PCOS (Group 1, n=25)(3.51±3.09 vs. 2.02±2.89 ng/mL, respectively; p=0.041). In addition, serum vaspin levels were higher in overweight/obese controls (Group 4, n=25) than in normal weight controls (Group 3, n=25) (0.85±0.91 vs. 0.29±0.28 ng/mL, respectively; p=0.009).
In normal weight patients with PCOS (Group 1, n=25), treatment with metformin for 6 months resulted in a reduction in BMI (p=0.041; Table 2 ). A reduction in serum vaspin levels was also observed (from 2.02±2.89 to 1.85±3.38 ng/mL) but was not significant (p=0.714). Regarding the changes in hormones, only the reduction in T levels and FAI were significant (p=0.032 and p=0.023, respectively). Among metaComparisons between normal weight patients with PCOS (Group 1, n=25) and normal weight controls (Group 3, n=25) are shown in Table 2 . Normal weight patients with PCOS had higher serum vaspin levels than normal weight controls (p=0.043; Figure) . Serum glucose and insulin levels, the area under the OGTT curve, the glucose/insulin ratio and the HOMA-IR and QUICKI indices did not differ between groups.
Comparisons between overweight/obese patients with PCOS (Group 2, n=54) and overweight/obese controls (Group 4, n=25) are shown in Table 3 . Serum vaspin levels were higher in patients with PCOS compared with controls (3.51±3.09 vs. 0.85±0.91 ng/mL, respectively) but the difference did not reach significance (p=0.067). Serum glucose and insulin levels, the area under the OGTT curve and the HOMA-IR index also did not differ between groups. However, the glucose/insulin ratio and the QUICKI were lower in over- (from 3.51±3.09 to 4.16±3.08 ng/mL) but was not significant (p=0.110 vs. baseline).
Regarding the correlations between serum vaspin levels and other parameters in the total study population (n=129), in univariate analysis, vaspin positively correlated with ΒΜΙ (r=0.460, p<0.001), W (r=0.407, p<0.001), waist/hip ratio (WHR, r=0.269, p=0.002), serum T levels (r=0.309, p<0.001), FAI (r=0.333, p<0.001), mean volume of the two ovaries (r=0.287, p=0.001) and mean number of follicles in the two ovaries (r=0.374, p<0.001). In univariate analysis, vaspin negatively correlated with age (r=-0.239, p=0.007), serum FSH levels (r=-0.262, p=0.003), serum SHBG levels (r=-0.351, p<0.001), the glucose/insulin ratio (r=-0.217, p=0.014) and the QUICKI (r=-0.239, p=0.007). In stepwise linear regression analysis, vaspin levels were independently correlated only with ΒΜΙ and mean number of follicles in the two ovaries bolic parameters, there was a reduction in serum glucose levels (p<0.001) and an increase in the QUICKI index (p=0.007) whereas serum insulin levels, the glucose/insulin ratio and the HOMA-IR index did not change significantly.
In overweight/obese patients with PCOS (Group 2, n=54), low-calorie diet combined with either orlistat (n=27) or sibutramine (n=27) resulted in a) a decrease in BMI and W (p<0.001 for both changes vs. baseline; Table 3 ), b) an increase in serum LH and SHBG levels (p=0.011 and p<0.001, respectively) and a decline in serum T levels and FAI (p=0.03 and p=0.001, respectively), c) a decrease in serum glucose and insulin levels, in the area under the OGTT curve and in the HOMA-IR index (p=0.001, p<0.001, p=0.028 and p<0.001, respectively) and a rise in the glucose/insulin ratio and in the QUICKI (p<0.001 for both changes). An increase in serum vaspin levels was also observed vaspin levels.
It is of interest that serum vaspin levels are elevated in women with PCOS (i.e. a condition with a high prevalence of insulin resistance, glucose intolerance and T2DM) given the recent observation by Youn et al [18] that insulin-resistant obese patients also have increased serum vaspin levels. In the former study [18] , a significant correlation between serum vaspin levels and BMI was observed, in accordance with our findings.
It has been reported that obesity and insulin resistance increase vaspin expression in abdominal fat as well as its concentration in the serum. This increase in vaspin levels might represent a compensatory response against the obesity-and insulin resistance-stimulated expression of yet to be identified proteases. The former proteases are synthesized in abdominal fat but also in other tissues and appear to suppress the action of insulin. Therefore, the induction of vaspin expression might represent a defense mechanism against insulin resistance. In animal models, administration of recombinant vaspin suppressed the expression of insulin resistance-promoting lipokines (including resistin, tumor necrosis factor-α and leptin) and stimulated the synthesis of insulin sensitizing lipokines (e.g. adiponectin and glucose transporter 4). These findings support the notion that vaspin down-regulates the expression of genes associated with insulin resistance and this action is more prominent in the abdominal fat [16] . Since vaspin appears to exert insulin-sensitizing effects, our finding that serum vaspin levels are increased in women with PCOS (who were more insulin resistant than controls in our study, since they had lower glucose/insulin ratio and QUICKI index than the latter) suggests that this increase represents a compensatory mechanism to preserve insulin sensitivity.
There are only three studies that assessed vaspin levels in patients with PCOS yielding conflicting results [31] [32] [33] . Tan et al [31] studied 12 patients with PCOS and 12 controls and determined serum vaspin levels, vaspin mRNA levels in the subcutaneous and visceral fat, as well as the effects of glucose, insulin and steroid hormones on serum vaspin levels and on vaspin mRNA levels in the abdominal fat. Serum vaspin levels were higher in patients with PCOS compared with controls (p<0.05), vaspin mRNA levels were higher in the abdominal fat (p<0.05) and adding glucose resulted in a rise in vaspin mRNA levels in the abdominal fat and vaspin secretion in the culture media (p<0.001). In the second study, Escobar-Morreale et al [32] measured (p<0.001 for both correlations).
In women with PCOS (Groups 1 and 2, n=79), in univariate analysis, vaspin levels at baseline positively correlated with ΒΜΙ (r=0.376, p=0.001) and with W (r=0.320, p=0.004). In stepwise linear regression analysis, vaspin levels were independently correlated only with ΒΜΙ (p=0.001).
In controls (Groups 3 and 4, n=50) , in univariate analysis, vaspin levels at baseline positively correlated with W (r=0.346, p=0.015), WHR (r=0.311, p=0.030) , FAI (r=0.314, p=0.028) and the area under the OGTT curve (r=0.320, p=0.025). In stepwise linear regression analysis, vaspin levels were independently correlated only with W (p=0.015).
Discussion
Vaspin (Visceral Adipose tissue-derived serPiN), a novel adipokine isolated from abdominal fat in 2000, is a 45.2 kD protein [16] that is also present in serum [27] . Vaspin is a member of the superfamily of serpins (sERin Proteinase iNhibitors) [28, 29] . The gene that encodes for vaspin is termed OL-64 and is present at the long arm of chromosome 14 (14q32.1) [30] and the cDNA consists of 1,245 bases and encodes for 415 aminoacids [16] .
In the present study, serum vaspin levels in patients with PCOS were higher than in healthy controls, after adjusting for age and BMI (Table 1 and Figure) . Moreover, normal weight patients with PCOS had higher serum vaspin levels than normal weight controls (p=0.043; Figure) , whereas overweight/obese patients with PCOS also had higher vaspin levels compared with overweight/obese controls even though the difference between the latter two groups was marginally nonsignificant (p=0.067). In addition, overweight/obese patients with PCOS had higher serum vaspin levels than normal weight patients with PCOS (p=0.041) and overweight/obese controls had higher serum vaspin levels than normal weight controls (p=0.009). We also observed that in the total study population (n=129) serum vaspin levels were independently correlated in stepwise linear regression analysis with ΒΜΙ and mean number of follicles in the two ovaries (p<0.001 for both correlations). In addition, the glucose/insulin ratio and the QUICKI were lower in patients with PCOS compared with controls (p=0.014 and p=0.015, respectively; Table 1 ). These findings suggest that obesity and insulin resistance induce an increase in serum et al [31] lead these authors to hypothesize that the elevated vaspin levels in the serum and in the abdominal fat are compensatory against insulin resistance and glucose intolerance. The reduction in serum vaspin levels during metformin treatement might be due to the suppression of hepatic glucose production by the latter agent [34] [35] [36] .
In our study, treatment of overweight/obese patients with PCOS for 6 months with a low-calorie diet in combination with either orlistat (n=27) or sibutramine (n=27) did not affect serum vaspin levels despite the significant improvement in several anthropometric, hormonal, and metabolic parameters. There are no other studies on the effect of a low-calorie diet with or without antiobesity agents on serum vaspin levels in overweight/obese patients with PCOS. EscobarMorreale et al [32] reported a significant (p=0.025) fall in serum vaspin levels 6 months after bariatric surgery in 26 female patients with morbid obesity (16 had PCOS). However, it should be emphasized that the mean weight loss in the former study was 39.0 kg and the W was reduced by a mean of 22.0 cm. The non-significant reduction in serum vaspin levels in our study might be because we enrolled overweight or obese patients with PCOS and we observed smaller body weight and W reductions (11.2 kg and 10.1 cm, respectively).
Finally, we observed a reduction in serum T levels and in the FAI in both normal weight women with PCOS after treatment with metformin and in overweight/obese women with PCOS after administration of a low-calorie diet combined with orlistat or sibutramine. The main mechanism underlying this reduction in circulating androgen levels appears to be the improvement in insulin resistance. Insulin resistance is associated with an increase in circulating androgen levels, since insulin stimulates theca cell androgen synthesis and suppresses SHBG synthesis in the liver, further increasing the free portion of circulating androgens [37] [38] [39] . In our study, metformin and weight loss induced an increase in the QUICKI in normal weight and overweight/obese women with PCOS, respectively, whereas the latter also showed significant improvements in other markers of insulin resistance, including a decrease in serum insulin levels, the area under the OGTT curve and the HOMA-IR index and an increase in the glucose/insulin ratio.
Women with PCOS were significantly younger and had greater BMI than controls and this represents a limitation of our study. However, all comparisons between serum vaspin levels in a larger sample of patients with PCOS and in obese patients without hyperandrogenemia (n=42 in both groups). PCOS and obesity did not affect serum vaspin levels. In addition, serum vaspin levels did not differ between patients with normal or impaired glucose tolerance. In the third study, Cakal et al [33] determined serum vaspin and C-reactive protein (CRP) levels in 24 patients with PCOS, in 23 women with polycystic ovaries (PCO) and in 24 controls. Patients with PCOS or PCO had higher serum vaspin and CRP levels than controls. Accordingly, Cakal et al [32] suggested that patients with PCOS or PCO might have increased risk for T2DM and atherosclerosis. Our results are in accordance with the findings of Tan et al [31] and Cakal et al [33] , i.e. patients with PCOS overall had higher serum vaspin levels than controls overall (Table 1, Figure) , normal weight patients with PCOS had higher vaspin levels than normal weight controls ( Figure) and overweight/obese patients with PCOS and overweight/obese controls had higher vaspin levels than normal weight patients with PCOS and normal weight controls, respectively (p=0.041 and p=0.009, respectively).
In our study, treatment with metformin 850 mg bid for 6 months resulted in a small but significant decrease in BMI in normal weight patients with PCOS. In addition, serum T and glucose levels were reduced, the QUICKI increased, whereas the HOMA-IR index was not affected. Regarding serum vaspin levels, a small fall was observed but was not significant (Table 2) . Our findings are in agreement with those of EscobarMorreale et al [32] who also reported a small decrease in serum vaspin levels after treatment with the same metformin dose and for the same duration in a smaller sample of patients with PCOS (n=19). In contrast, Tan et al [31] reported a significant reduction in serum vaspin levels after treatment with the same metformin dose and for the same duration in 12 overweight/obese patients with PCOS. The difference in the change in serum vaspin levels between ours and the study by Tan et al might be attributed to the inclusion of overweight/ obese patients with PCOS and to the reduction in the HOMA-IR index in the study by Tan et al, whereas we administered metformin to normal weight patients with PCOS and we did not observe a change in HOMA-IR.
The reduction in serum vaspin and glucose levels, the improvement in insulin sensitivity and the reduction of insulin resistance indices after metformin treatment in overweight/obese patients in the study by Tan significantly. In addition, a small weight loss does not appear to affect serum vaspin levels. The increased serum vaspin levels in patients with PCOS and particularly in overweight or obese women might represent a compensatory mechanism to preserve insulin sensitivity and glucose tolerance.
women with PCOS and controls were performed with analysis of covariance adjusting for age and BMI and therefore we believe that our results are valid.
In conclusion, our findings suggest that PCOS and obesity are associated with elevated serum vaspin levels. Treatment with metformin of normal weight patients with PCOS lowers serum vaspin levels but not
